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In t roduc t ion  and Objec t ive  
P r e c i s e  a n a l y s i s  by rocket-  and s a t e l l i t e - b o r n e  mass spec t rometers  
of t h e  concen t r a t ion  of atomic oxygen i n  the  e a r t h ' s  upper atmosphere 
i s  made d i f f i c u l t  by t h e  r e a c t i v e  c h a r a c t e r  of t h e  oxygen atoms them- 
s e l v e s .  These s p e c i e s  can i n t e r a c t  with s o l i d  s u r f a c e s  by adsorpt ion,  
by formation of oxides,  and by c a t a l y t i c  product ion of molecular oxygen. 
Hence, t h e  oxygen atom concen t r a t ion  a s  seen by a mass spectrometer  may 
be s u b s t a n t i a l l y  d i f f e r e n t  from i t s  real va lue  i n  t h e  environment due t o  
atom removal on t h e  var ious  s u r f a c e s  of t he  ins t rument .  The o b j e c t i v e  
of t h i s  p r o j e c t  is t o  e l u c i d a t e  t h e  k i n e t i c s  and mechanisms t h a t  are 
a s soc ia t ed  wi th  t h e  i n t e r a c t i o n  of oxygen atoms with s o l i d  su r faces  of 
engineer ing  i n t e r e s t  under condi t ions  s i m i l a r  t o  those  encountered i n  
t h e  upper atmosphere. 
The same d i f f i c u l t i e s  i n  determining O/O, r a t i o s  i n  t h e  upper atmos- 
phere a r e  encountered i n  a l abora to ry  experiment.  The approach used i n  
our  s tudy is t o  measure changes i n  oxygen atom concen t r a t ion  r e s u l t i n g  
from s u r f a c e  r e a c t i o n  and recombination i n  an environment i n  which 
changes i n  both t h e  oxygen pressure  and the  r a t e  of production of oxygen 
atoms a r e  n e g l i g i b l e .  The t h e o r e t i c a l  b a s i s  of t h e  experimental  approach 
was descr ibed  i n  d e t a i l  i n  Q u a r t e r l y  S t a t u s  Report N o .  1 (September 1, 
1967) .  Subsequent experiments with molecular oxygen, repor ted  i n  
Quar te r ly  S t a t u s  Report N o .  2 (December 1, 1967), v e r i f i e d  t h e  genera l  
v a l i d i t y  of t h e  approach f o r  measuring low-pressure gas / su r face  i n t e r -  
a c t i o n  k i n e t i c s .  
Ex pe r imen t s 
The i n t e r a c t i o n  of molecular  oxygen with a platinum r ibbon specimen 
has been s t u d i e d  f u r t h e r ,  because i t  has  become evident  t h a t  t he  chemical 
processes  t h a t  occur  dur ing  t h i s  i n t e r a c t i o n  a r e  q u i t e  p e r t i n e n t  t o  t h e  
problem of gaseous oxygen atom loss on metal s u r f a c e s .  The cons tan t -  
ambient p re s su re  s o r p t i o n  measurements descr ibed  i n  t h e  preceding 
Quar te r ly  S t a t u s  Report have been extended and supplemented by f l a s h  
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deso rp t ion  de termina t ions  of t h e  q u a n t i t y  and composition of desorbing 
gas .  
The t y p i c a l  experimental  procedure i s  ou t l ined  i n  Table I ( r e f e r  t o  
F ig ,  1 f o r  nomenclature of a p p a r a t u s ) .  This  sequence of opera t ions  
permitted q u a n t i t a t i v e  measurement o f :  
1. t h e  rate of s o r p t i o n  (or r e a c t i o n ) o f  oxygen with 
t h e  s u r f a c e  
2 .  t h e  t o t a l  q u a n t i t y  of gas  consumed by s o r p t i o n  
(or r eac t ion )  
3. t h e  t o t a l  q u a n t i t y  and composition of t h e  sorbed 
(or reac ted)  gas  recovered by f l a s h  h e a t i n g .  
Parameters of s i g n i f i c a n c e  which w e r e  va r i ed  a r e  t h e  temperature of t h e  
specimen dur ing  s o r p t i o n  ( S t e p  5, Table I ) ,  t h e  d u r a t i o n  of t h e  c l ean ing  
f l a s h  ( S t e p  3 ) ,  t h e  res idence  t i m e  of t h e  c l ean  specimen i n  the  s y s t e m  
background gas  p r i o r  t o  s o r p t i o n  ( S t e p  4), and the  oxygen pressure  i n  
the  s y s t e m  dur ing  s o r p t i o n  ( S t e p  5 ) .  
3 and 4 w e r e  omitted,  showed t h a t  t h e  wal l  of chamber C ( F i g .  1) so rbs  
a n e g l i g i b l e  amount of oxygen r e l a t i v e  t o  t h e  platinum specimen. 
A blank experiment, i n  which Steps  
I t  i s  important  t o  no te  t h a t  under any of t h e  condi t ions  employed 
i n  t h e s e  experiments, oxygen was never observed i n  t h e  gas desorbed from 
the  platinum r ibbon.  Indeed, when t h e  ribbon was heated t o  f l a s h i n g  
temperature  i n  an atmosphere of oxygen, with s t e a d y - s t a t e  gas  flow 
through the  sys t em,  t h e  p a r t i a l  p ressure  of 0, diminished s u b s t a n t i a l l y  
t o  a new s t eady- s t a t e  va lue .  The two components observed by the quad- 
rupole  ana lyzer  du r ing  f l a s h  deso rp t ion  of t h e  specimen were carbon 
d ioxide  and carbon monoxide. The former appeared when a c leaned specimen 
was f i r s t  exposed t o  oxygen p r i o r  t o  f l a s h i n g .  The l a t t e r  w a s  l i b e r a t e d  
from t h e  su r face  of a cleaned specimen which had res ided  f o r  a t i m e  i n  
t h e  high-vacuum s y s t e m  a t  background p res su res .  The precise source of 
CO i n  t h e  vacuum s y s t e m  i s  not  c l e a r ,  bu t  t he  quadrupole ana lyzer  
i n d i c a t e s  t h a t  t h e  s t e a d y - s t a t e  pressure  of CO is P - 2 x t o r r .  60 - 
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FIG. 1 SCHEMATIC DIAGRAM OF EXPERIMENTAL APPARATUS 
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A hea t ing  t i m e  of 30 seconds w a s  adopted as a s tandard  c l ean ing  
f l a s h  f o r  t h e  specimen. By measuring t h e  temperature of t h e  c e n t r a l  
por t ion  of t h e  specimen wi th  a Huggins Inf rascope  r a d i a t i o n  thermometer, 
i t  w a s  determined t h a t  t h e  ribbon a t t a i n e d  a temperature  wi th in  5% of 
i t s  s t e a d y - s t a t e  m a x i m u m  va lue  of 840'C wi th in  25 seconds a f t e r  t u rn ing  
on t h e  h e a t i n g  c u r r e n t .  The pressure  pulse  a s s o c i a t e d  with the  c l ean ing  
f l a s h  was a sha rp  peak with a width of less than 10 seconds a t  t h e  base- 
l i n e .  Longer per iods of hea t ing  caused a subsequent slow rise i n  pres- 
s u r e  which was a t t r i b u t e d  t o  degassing of t h e  specimen l eads  ( g l a s s -  
covered kovar) and ad jacen t  g l a s s  s t r u c t u r e s .  I t  seemed reasonable  t o  
adjudge t h a t  t h e  30-second hea t ing  per iod produced an a tomica l ly  c l e a n  
specimen su r face .  Sur face  temperature measurements dur ing  t h e  per iod 
fol lowing t h e  840'C c l ean ing  f l a s h  showed t h a t  t h e  specimen requi red  80 
seconds t o  reach 2OO0C, t h e  lower s e n s i t i v i t y  l i m i t  of the  Infrascope.  
Hence a minimum cool ing  per iod of 120 seconds was allowed between clean-  
ing  and sorp t ion ,  a t  which t i m e  t h e  specimen temperature  was assumed t o  
be room-ambient (25'C) . 
The e f f e c t s  of t h e  va r ious  parameters on t h e  s o r p t i o n / r e a c t i o n  
c h a r a c t e r i s t i c s  of oxygen are  summarized i n  Table 11. It i s  of s p e c i a l  
i n t e r e s t  t h a t  t h e  t o t a l  mass of gas  sorbed a s  oxygen i s  gene ra l ly  about 
an o r d e r  of magnitude more than t h e  q u a n t i t y  of gas recovered as carbon 
d ioxide  dur ing  deso rp t ion .  
Discussion 
Since t h e  oxygen sorbed on the  platinum specimen i s  no t  recovered 
a s  oxygen, t h e r e  can be l i t t l e  doubt t h a t  chemical r e a c t i o n  occurs  on 
t h e  s u r f a c e  between the  oxygen and t h e  platinum or o t h e r  sorbed 
m a t e r i a l s .  Based on t h e  observed r e s i d u a l  p a r t i a l  p ressure  of CO i n  t h e  
vacuum system as w e l l  as t h e  i d e n t i f i c a t i o n  of t h e  desorbed gas  as CO,, 
w e  conclude t h a t  a primary chemical process  occurr ing  on t h e  s u r f a c e  i s  
t h e  c a t a l y t i c  ox ida t ion  of CO t o  CO,. 
The d i s p a r i t y  i n  t h e  mass balance between sorbed and recovered gas 
(Tab le  11) can be accounted f o r  i n  l a r g e  measure by proposing a second 
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chemical r e a c t i o n  a t  t he  s u r f a c e  t o  form a platinum oxide ( such  a s  PtO 
o r  PtO,). 
of temperature  and oxygen pressure  employed i n  our  experiments .  Hence, 
i t  seems l i k e l y  t h a t  upon heat ing,  t h e  f r a c t i o n  of t h e  surface-sorbed 
Platinum oxides  are known t o  be v o l a t i l e '  under t h e  cond i t ions  
oxygen which does no t  react with sorbed 60 v o l a t i l i z e s  a s  PtO o r  PtO,. 
These s p e c i e s  would condense on ad jacen t  cool  s u r f a c e s  and t h e r e f o r e  
would n o t  be de t ec t ed  by t h e  quadrupole analyzer ,  which i n  these  exper i -  
ments i s  o u t s i d e  of t h e  l i ne -o f - s igh t  of t he  specimen. 
The diminut ion i n  mass of oxygen sorbed with inc reas ing  res idence  
t i m e  of t h e  cleaned specimen i n  t h e  evacuated s y s t e m  sugges ts  t h a t  CO 
s o r p t i o n  preempts s i tes  t h a t  would otherwise be a v a i l a b l e  f o r  oxygen. 
Gaseous molecular oxygen apparent ly  cannot r e a c t  d i r e c t l y  with t h e  
sorbed CO, f o r  a f t e r  extended per iods of res idence  i n  t h e  evacuated 
s y s t e m ,  no oxygen sorbs ,  and the  gas recovered upon f l a s h i n g  c o n s i s t s  
mainly of 60. The maximum q u a n t i t y  of gas  sorbed under the  cond i t ions  
employed i n  t h e s e  experiments corresponds t o  a s u r f a c e  coverage of less 
than 0 . 1  monolayer. 
<120 seconds) t he  sorbed l a y e r  l i k e l y  c o n s i s t s  i n  l a r g e  measure of 
oxygen or a platinum oxide.  On a specimen t h a t  has been exposed t o  t h e  
CO i n  t h e  background gas f o r  an extended t i m e ,  t h e  sorbed l a y e r  i s  carbon 
monoxide. 
On t h e  f r e s h l y  cleaned specimen ( r e s i d e n c e  t i m e  
When t h e  temperature of t he  specimen is maintained a t  2OO0C, n e i t h e r  
0,, CO, nor  CO, is recovered by f l a s h  heat ing,  y e t  more oxygen i s  con- 
sumed dur ing  s o r p t i o n  than a t  25'C. 
t he  ex i s t ence  of a s t a b l e  platinum oxide which i s  v o l a t i l e  y e t  conden- 
s i b l e ,  and f u r t h e r  i n d i c a t e s  t h a t  CO does not  form a s t a b l e  sorbed s t a t e  
on platinum a t  t h i s  temperature .  
This  lends a d d i t i o n a l  suppor t  t o  
On t h e  b a s i s  of t hese  observa t ions  a mechanism may be pos tu la ted  
t o  desc r ibe  the  i n t e r a c t i o n  of oxygen wi th  a platinum su r face :  
'G. C. Fryburg and H. M. Pe t rus ,  J .  Electrochem. SOC. 108, 496 (1961) .  
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CO s o r p t i o n  
F la sh  deso rp t ion  
preceding 0, s o r p t i o n  
0, s o r p t i o n  
F la sh  deso rp t ion  
fo l lowing  0, s o r p t i o n  
I t  i s  q u i t e  l i k e l y  t h a t  gaseous atomic oxygen would p a r t i c i p a t e  i n  
such a mechanism i n  a manner analogous t o  molecular  oxygen a s  shown i n  
Eq. ( 4 )  above. A s  a ma t t e r  of f a c t  t h e  chemisorpt ion of 0 would no t  
r equ i r e  t h e  a c t i v a t e d  process  given by Eq. ( 3 ) .  
might be involved i n  an atmosphere conta in ing  atomic oxygen would be 
An a d d i t i o n a l  s t e p  t h a t  
I f  t h e r e  w e r e  a source  of CO t o  r ep len i sh  CO(s),  Eq. ( 7 )  would represent  
an e f f e c t i v e  s ink  f o r  gaseous oxygen atoms which would compete with the  
recombination process:  
E f f e c t i v e  sources  of CO could be a r e s i d u a l  p a r t i a l  p ressure  of t h e  gas 
i n  t h e  sampling chamber o r  d isso lved  carbon impuri ty  i n  t h e  metal .  
I n  view of t h e  r e s u l t s  of a number of r ecen t  rocket-borne mass 
spectrometer  i n v e s t i g a t i o n s  of t he  upper atmosphereY2 it  is q u i t e  pos- 
s i b l e  t h a t  r e a c t i o n s  ( 4 )  and ( 7 )  comprise t h e  p r i n c i p a l  l o s s  mechanism 
f o r  atomic oxygen i n  such experiments.  
which w a s  obtained from a rocket  c a r r y i n g  t h r e e  mass spec t rometers  with 
The d a t a  of Hedin and N i e r Y 3  
- 
'U. von Zahn, J. Geophys. R e s .  - 72, 5933-37 (1967) . 
3 A .  E.  Hedin and A. 0. N i e r ,  J. Geophys. R e s .  - 71, 4121-31 (1966) .  
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d i f f e r e n t  ion-source geometries,  showed t h a t  99$ of t h e  i n c i d e n t  atomic 
oxygen w a s  l o s t  when t h e  i o n  source  was e f f e c t i v e l y  sh i e lded  with a 
metal p l a t e .  However, no enhancement i n  t h e  i n t e n s i t y  of mass 32 w a s  
reported,  which sugges t s  t h a t  t h e  l o s s  mechanism w a s  not  an atom 
recombination r eac t ion .  
In  an ea r l i e r  N i e r  and h i s  a s s o c i a t e s  observed t h a t  mass 
44 w a s  a major peak repor ted  by t h e i r  open-source mass spectrometer ,  and 
t h a t  t h e  r a t i o  ( m a s s  44/mass 16) remained approximately cons tan t  dur ing  
t h e  f l i g h t  (Cf .Fig.  6 i n  Ref. 4 and F ig .  6 i n  Ref. 5 ) .  These au tho r s  
pointed out  t h a t  a t  t h e  apex of t he  f l i g h t  (209 km) an apprec i ab le  
f r a c t i o n  of t h e  m a s s  28 peak was a s soc ia t ed  with CO. Based on these  
observat ions,  i t  seems l i k e l y  t h a t  t h e  c a t a l y t i c  ox ida t ion  of CO t o  CO, 
( E q .  7) is a s i g n i f i c a n t  i f  no t  t h e  p r inc ipa l  l o s s  mechanism f o r  atomic 
oxygen i n  mass spec t romet r ic  ana lyses  of t h e  upper atmosphere. 
The poss ib ly  dominant r o l e  of sorbed CO i n  oxygen-surface i n t e r -  
a c t i o n s  endows s e l e c t i v e  CO g e t t e r s  such a s  gold with s p e c i a l  i n t e r e s t .  
Although gold is  known t o  so rb  CO s e l e c t i v e l y  and tenac ious ly ,  t h e  
behavior  of t h e  CO-saturated s u r f a c e  i n  con tac t  with atomic or molecular 
oxygen has  no t  been inves t iga t ed .  The f u r t h e r  f a c t  t h a t  gold has been 
proposed as a s u r f a c e  c o a t i n g  f o r  metal  p a r t s  i n  the  sampling and source  
regions of a f u t u r e  OGO mass spectrometer  renders  p a r t i c u l a r l y  i n t e r e s t -  
i ng  and p e r t i n e n t  an i n v e s t i g a t i o n  of oxygen i n t e r a c t i o n  wi th  t h i s  metal .  
Hence, gold has  been s e l e c t e d  as t h e  specimen of i n t e r e s t  f o r  f u r t h e r  
s t u d i e s  i n  our l abora to ry .  
The problem of atom genera t ion  i n  t h e  vacuum system remains. The 
use of ozone a s  a source  of atomic oxygen proved unsuccessfu l  (3. 
Monthly Progress  Report No. 8, February 1, 1968) .  The use of a heated 
4 A .  0. N i e r ,  J. H. Hoffman, 6. Y. Johnson, and J. C.  Holmes, J. Geophys. 
Res. 69, 979-89 (1964) . 
R e s .  69, 4629-36 ( 1964) . 5A. 0. N i e r ,  J. H. Hoffman, C.  Y.  Johnson, and J. C. Holmes, J. Geophys. -
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tungs ten  f i lament  i n  an appropr i a t e ly  cooled chamber p re sen t ly  s e e m s  t o  
be t h e  most promising technique f o r  e s t a b l i s h i n g  an enhanced s t e a d y - s t a t e  
p a r t i a l  p ressure  of oxygen atoms i n  t h e  vacuum s y s t e m .  Hence, when the  
s y s t e m  is next  opened t o  i n s e r t  a gold specimen, a tungs ten  f i lament  
furnace  a s  a source  of oxygen atoms w i l l  a l s o  be i n s t a l l e d .  The des ign  
of t h i s  furnace  i s  b a s i c a l l y  simple, and no major changes i n  t h e  con- 
f i g u r a t i o n  of t h e  appara tus  w i l l  be requi red  t o  accommodate i t .  
Therefore,  t he  i n t e r a c t i o n  of both molecular and atomic oxygen may be 
i n v e s t i g a t e d  by t h e  procedures developed. 
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